With over 40 million people world-wide living with human immunodeficiency virus (HIV) and an estimated 16000 new infections each day, 1 there is an urgent need to identify safe and effective topical microbicides. Microbicides are products designed to prevent acquisition or transmission of HIV and other sexually transmitted infections (STIs) when applied in the vagina or rectum. Microbicides offer the potential to dramatically reduce rates of transmission of STIs, including HIV. Mathematical modelling predicts that over 3 years, 2.5 million infections could be averted if a microbicide that is 60% effective against HIV were used by 20% of women in half of all sex acts that do not involve a condom. 2 More than 50 topical microbicides are in development. Some will be contraceptive and all will be controlled by the user. Fourteen of the leading compounds have advanced from pre-clinical testing (cell culture and animal studies) to Phase I/II human clinical trials. However, no microbicide has been shown to prevent transmission of HIV in vivo. Ideally, a leading candidate microbicide should prevent the establishment of infection and thus must act pre-integration. Candidate targets of action include pre-binding, binding, entry, fusion, uncoating and reverse transcription.
Candidate microbicides in clinical trials include detergents or surfactants such as sodium dodecyl sulphate (SDS) 3 and C31G 3 that act pre-binding and disrupt virion membranes; acid-buffering agents, which are designed to maintain the natural vaginal acidity in the presence of the alkalinizing effects of semen thereby inactivating acid-sensitive pathogens; reverse transcriptase inhibitors such as PMPA; and sulphated or sulphonated polysaccharides (SPs) such as cellulose sulphate, dextran sulphate, polystyrene sulphonate, PRO 2000 and carrageenan, [4] [5] [6] which target gp120 and prevent viral binding and entry. Some compounds in pre-clinical development include small molecule or antibody-based fusion inhibitors and natural antimicrobial peptides. 7 A recently identified novel microbicide candidate is a mandelic acid condensation polymer, designated SAMMA (Topical Prevention of Conception and Disease, Chicago, IL, USA). 8, 9 SAMMA is unique because, unlike other compounds being studied, it has no surfactant properties and does not contain sulphur groups. SAMMA inhibits HIV infection of both primary CD4+ T cells and macrophages. Notably there is inhibition of isolates that use either CCR5 or CXCR4 co-receptors at concentrations that are readily achievable in a formulated compound. SAMMA exhibits no cytotoxicity in tissue culture using primary cervical cells, human macrophages or PBMC. 9 These results contrast with those obtained for nonoxynol-9 (N-9), SDS or C31G, which are toxic to primary vaginal cells. 10, 11 In addition, SAMMA is soluble in water and saline, inexpensive to manufacture and likely to be easily formulated.
Our recent published studies suggest that SAMMA may function by binding to viral envelope glycoproteins during attachment and entry. 9 The cell surface glycosaminoglycan, heparan sulphate (HS), forms a point of initial attachment for a number of organisms including HIV and herpes simplex virus (HSV). Although not a primary receptor for HIV, several studies have shown that HIV binds to HS and the quantity of HS on a cell predicts in vitro infectivity. [12] [13] [14] [15] HIV infection is significantly reduced in some cell types if binding to HS is blocked either by enzymic treatment of cells with heparin lyases or in the presence of soluble heparin or other competitive inhibitors. [12] [13] [14] [15] Interactions between gp120 and HS may concentrate virus at a cell surface and facilitate subsequent interactions with CD4 and co-receptors. Although SAMMA is not sulphated, it is negatively charged, and thus, may competitively block viral glycoprotein-HS interactions. SAMMA is also active against Neisseria gonorrhoeae and Chlamydia trachomatis, although the mechanisms have not been fully defined. 8 Activity against a range of STIs may be of considera- ble importance since several epidemiological and more recently, mechanistic studies, have shown that other STI pathogens may enhance the transmission and or acquisition of HIV through alterations in cytokines and activation of target cells. [16] [17] [18] Importantly, SAMMA has no deleterious effects on lactobacilli. SAMMA is also a very effective inhibitor of sperm function and is contraceptive in the rabbit model. 8 Together, these characteristics render SAMMA an optimal candidate for further pre-clinical development.
A more extensive evaluation of SAMMA (or any candidate microbicide) must include assessing its activity against primary HIV isolates of different clades and with varying co-receptor utilization. A comprehensive panel of diverse isolates is currently being screened. The importance of examining different clades is highlighted by the diverse array of subtypes found in developing world populations at high risk for sexual transmission of HIV, where these compounds hold the most promise. In addition, promising compounds should be evaluated to test whether the antiviral activity is stable in the presence of cervicovaginal fluid and semen and over a broad pH range. Cellular and soluble factors in the genital tract environment and changes in pH may influence the activity of microbicides and the transmission of HIV-1. The ideal microbicide must effectively block transmission of cell-free and cell-associated virus, as both may be present in genital tract fluids. 19, 20 The acidic pH of the vagina (4.0-5.0) inhibits HIV, but is neutralized by semen, which is alkaline (pH 8.0). Thus, women are exposed to virus and infected cells at optimal pH conditions for transmission to occur. Preliminary studies from our laboratory demonstrate that SAMMA retains activity against HSV in the presence of cervical fluid and over a pH range of 4.0-7.0. These studies should be replicated once an optimal formulation has been identified, as the excipients in the formulation may modify activity or stability.
Both SAMMA and the SPs are not directly virucidal and any virus that escapes may infect susceptible cells. Thus, combining SAMMA or an SP with a candidate microbicide that acts at a different step in the HIV life cycle is potentially advantageous. The notion of developing combination therapy for topical application builds on prior clinical experiences demonstrating a clear benefit of systemic combination antiretroviral therapy. We know through therapeutic trials that combination approaches that target HIV at a number of different sites offer the best outcome. Although the primary rationale for systemic combination therapy is to avoid the escape of drug-resistant viruses, combination therapy also provides an opportunity to exploit differences in cellular pharmacokinetics and mechanisms of activity that might be favourable under different conditions of infection, particularly those that might exist in very early infection at the mucosal surface.
Compounds to consider in combination with SAMMA include nucleoside or non-nucleoside reverse transcriptase inhibitors, which target a step downstream from viral entry.
The difficulty in identifying a detergent or surfactant with a sufficiently high therapeutic index renders combinations with this class less attractive. Our preliminary studies show that SAMMA (and several of the SPs) is stable in acidic pH. Therefore, a potential combination would be to combine SAMMA with an acid-buffering agent (BufferGel, ReProtect, Baltimore, MD or Acidform; TOPCAD, Chicago, IL, USA).
Ideally a microbicide combination should offer distinct advantages over either compound alone, including enhanced efficacy, reduced mucosal inflammation by allowing lower drug dosing and possibly, an expanded spectrum of activity against HIV clades or other STIs. Development of microbicide combinations is complex and will require that each potential combination be studied using primary HIV-1 isolates in primary T cells and macrophages to be sure that there is not any unexpected antagonism when combined and to explore more fully dose/toxicity issues. In addition, combinations should also be tested in human explant cultures of cervical and rectal mucosa as well as animal models. Formulation of two distinct drugs may also prove difficult.
A fundamental principle in the development of microbicides (alone or in combination) is identifying agents that are non-toxic to the genital mucosa. Using cultured primary human cervical and vaginal epithelial cells, we found the surfactant N-9 to be highly cytotoxic and more cytotoxic for primary cells compared with permanent cell lines. 10 In a recent meta-analysis of nine randomized clinical trials, N-9 was associated with a significantly enhanced risk of genital ulcers. In addition, the analysis revealed a higher risk of HIV infection with N-9 relative to placebo. 21 The recent failure of N-9 as a potential microbicide candidate highlights the importance of the toxicity profile of any potential agent or formulation.
However, the optimal assays for monitoring toxicity have not been established. Colposcopy has been a routine part of clinical safety microbicide trials, but may not detect more subtle changes in the cervicovaginal mucosal barrier, including induction of mucosal inflammation and interference with host defence mechanisms. Vaginal inflammatory responses to topical microbicides may increase acquisition or transmission of HIV by several mechanisms. An inflammatory response may recruit target cells into the cervicovaginal area. In addition, proinflammatory cytokines may activate macrophages or quiescent T cells rendering them more susceptible to HIV infection or, in the case of HIV-infected individuals, may induce viral replication in the reservoir of latently infected T cells. 22 Activation of HIV in latently infected cells or upregulation of viral transcription in the vaginal mucosa may accelerate the course of HIV infection or increase the risk of transmission. Notably, quiescent T cells have been shown to be the initial target following intravaginal challenge in a macaque model. 23 Microbicides also may alter production of soluble factors that directly or indirectly inhibit HIV infection. Soluble leucocyte protease inhibitor (SLPI) is present in saliva, cervical and bronchial secretions, and has been shown to inhibit HIV infection in vitro. 24 Transforming growth factor-β inhibits the proliferation and activation of lymphocytes and other leucocytes. Increases in proinflammatory or decreases in anti-inflammatory factors may promote HIV replication and transmission. For example, application of N-9 (150 mg, Gynol II) caused an increase in the proinflammatory cytokines interleukin-1 and tumour necrosis factor-α, as well as an influx of polymorphonuclear leucocytes and macrophages into cervicovaginal secretions. 25 Repeated application of N-9 also resulted in a significant decrease in SLPI from baseline levels. 25 These findings highlight the importance of a careful evaluation of inflammatory responses to candidate microbicides.
In summary, more extensive pre-clinical evaluation of SAMMA and other microbicides in development is required. The activity against primary isolates in the presence of genital tract fluids and over a broad pH range should be carefully evaluated. Optimization of formulations will require more attention. Formulation characteristics affecting microbicide efficacy include hydrophilicity, dispersibility, viscosity and bioadhesion. Development and standardization of human explant cultures and animal models to test the efficacy and safety of formulated compounds is essential. Pilot in vivo studies focusing on a thorough investigation of the changes in inflammatory cells and cytokines following topical application of candidate agents are recommended before the initiation of large-scale clinical trials.
